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Flux guide in the bearing surface of a magnetoresi stive head 

Flussleiter in der Laufflache eines Magnetowiderstandkopf es 
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...SPECIFICATION relates generally to data storage systems and, more 
specifically, to data storage systems having read heads which employ 
magnetoresi stive sensors. 

As storage density increases, the magnetic field being sensed 
during read by a magnetoresi stive sensor in a read head of a data 
storage system becomes smaller. Thus, there is... 

...Optionally, and as shown, the pinned layer 95 can be implemented as a 
"synthetic antif erromagnetic" ( SAF ) pinned layer , which includes 
two opposed pinned layers of CoFe, shown as pinned layer 104 and 
reference . . . 
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SUPPRESSION OF THERMAL NOISE USING SPIN TRANSFER IN MAGNETORESI STIVE 
ELEMENTS 

SUPPRESSION DU BRUIT THERMIQUE AU MO YEN D'UN TRANSFERT DE SPIN DANS DES 
ELEMENTS MAGNE TORE SIS TANT S 



V 



i 



Patent Applicant/Assignee: 

SEAGATE TECHNOLOGY LLC, 920 Disc Drive, Scotts Valley, CA 95066, US, US 
(Residence), US (Nationality) 
Inventor (s) : 

COVINGTON Mark W, 6417 Kentucky Avenue, Pittsburgh, PA 15206, US, 
Legal Representative: 

BORDAS Carol I (agent), Seagate Technology LLC, 1251 Waterfront Place, 
Pittsburgh, PA 15222, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent- ' WO 200432157 Al 20040415 (WO 0432157) 

Application: WO 2003US29913 20030925 (PCT/WO US03029913) 

Priority Application: US 2002414844 20020930 
Designated States: 

(Protection type is "patent" unless otherwise stated - for applications 
prior to 2004) 

AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK DM DZ 
EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK 
LR LS LT LU LV MA MD MG MK MN MW MX MZ NI NO NZ OM PG PH PL PT RO RU SC 
SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PT RO SE 
SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 6082 

Fulltext Availability: 
Detailed Description 

Detailed Description 

to suppress noise due to thermally activated magnetization 
fluctuations . 

BACKGROUND OF THE INVENTION 

In a magnetic data storage and retrieval system, a magnetic 
recording head typically includes a read head having a 
magnetoresistive ( MR ) sensor for retrieving magnetically encoded 
information stored on a magnetic 
disc. Magnetic flux from the... 

...and 2. MR stack 60 includes pinned reference layer 62, first spacer 
layer 64, free layer 66, second spacer layer 68, pinned synthetic 
antiferromagnetic ( SAF ) 70, and pinning layer 72. Free layer 66 is 
typically made of a soft ferromagnetic material (e.g., CoFe... 

...reference layer 62 and free layer 66. Second spacer layer 68 is 
positioned between free layer 66 and pinned SAF 70. First 
spacer layer 64 is typically made of a nonmagnetic metal such as 
copper, 

Second spacer layer 68... 
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..ABSTRACT A magnetoresistive (MR) sensor (100) for use as a read element 
in a read/write head of a magnetic storage device operates on the 
giant magnetoresistive effect produced by a spin valve . In a 
preferred embodiment, the present invention includes a pair of spin 
valves (30, 50 . . . 



SPECIFICATION The present invention relates generally to recording heads 
for magnetic storage media. More particularly, the recording head 
of the present invention incorporates magnetoresistive elements for 
sensing the magnetic fields recorded on the magnetic storage media and 
effectively rejects... 

. . .SPECIFICATION Bl 

The present invention relates generally to recording heads for 
magnetic storage media. More particularly, the recording head of the 
present invention incorporates magnetoresistive elements for sensing 
the magnetic fields recorded on the magnetic storage media and 
effectively rejects... 



...CLAIMS fixed magnetization (16) parallel to a first axis, a rotatable 

magnetization (14), and a first angle between said first axis and 
the direction of said rotatable magnetization (14) which decreases in 
the presence of a... 

...a fixed magnetization parallel to said first axis, a rotatable 

magnetization (14 1 ), and a second angle between said first axis 

and the direction of said rotatable magnetization (14 1 ) which 
increases in the presence of a... 
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...SPECIFICATION magnetoresistive ("MR") heads and sensors have been used 
for reading magnetic information stored on both magnetic disk and tape 
storage systems. Magnetoresistive heads are capable of producing 
high signal output with low noise that is independent of media... The 
maximum change in magnetic orientation of the sensor element layer is 
limited to 90 degrees from its easy axis and typically must be 
constrained to even more limited rotation to provide for operation in... 

...of alternating magnetic polarity. 

In accordance with principles of the invention a multilayered digital 
output magnetoresistive ("DOMR") head provides a substantially 
digital output for playback in magnetic data storage devices, whether 



disk or tape. The preferred device comprises one or more "pinned" 
magnetic layers... 

CLAIMS 1. A magnetoresistive head for reading magnetic information 

digitally recorded on a magnetic storage medium (100,118), the 
head comprising a magnetic digital switching layer (12,28) separated 
from a pinned magnetic layer (16... 
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Multilayer which shows magnetoresistive effect and magnetoresistive element 
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Mehrsicht Film mit magne tores istiven Effekt und magnetoresitives Element. 
Film multicouche presentant un effet magneto-resistant et element 
magneto-resistant utilisant celui-ci. 
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...SPECIFICATION a multilayer in which ferromagnetic layers and 

nonf erromagnetic layers are layered on each other, the angle between 
the hard axis direction of the multilayer film and the direction of 
detecting an outer magnetic field in... shows magnetoresistive effect and 
which is provided with excellent high-frequency property, by setting the 
angle between the easy axis direction of a ferromagnetic layer with a 
relatively high coercive force and the easy axis... 

...shows magnetoresistive effect and has excellent high-frequency property 
can be obtained, by setting the angle between the easy axis direction 
of a ferromagnetic layer with a relatively high coercive force and the 



1 



easy axis . . . 

...layer of nonf erromagnetic layers is preferably 1.5 to 2.5 nm. By setting 
the angle between the easy axis direction of the multilayer film and 
the direction of detecting an outer magnetic field in... a layer with a 
relatively high coercive force preferably make almost right angle. If the 

angle between the easy axis directions of the two layers is then 75 
to 90 (degree), substantially the same results ... because hard axis 
direction has a higher permeability than easy axis direction. The 
difference in angle between the hard axis direction of multilayer 
film and the direction of detecting a magnetic field is preferably 10... 
higher specific magnetic permeability than the easy axis direction of the 
multilayer. The difference in angle between the hard axis direction 
of the multilayer and the direction for detecting a magnetic field is 
preferably 10 ... regeneration are formed at different places on an 
identical single substrate. 

By applying the magnetic head to a magnetic storage apparatus, a 
highly potential magnetic storage apparatus can be obtained as well. 
Example 21 

Using the magnetoresi stive element of the present invention, a 
magnetic head was prepared. The structure of the magnetic ... can be used 
as a magnetic field sensor without any bias field. By setting the angle 
between the easy axis direction of the multilayer film in the state 
where a bias field is not applied. . . 

...angle, a magnetoresistive element excellent in high-frequency property 
can be obtained. By setting the angle between the easy axis direction 
of the multilayer film in the state where a bias field is not applied... 

...CLAIMS 5. The magnetoresistive element as claimed in any of claims 1 to 
4, wherein the angle between the hard axis direction of the 
multilayer film and the direction for detecting an outer magnetic 
field in. . . 

...of claims 6 to 14, characterized by having two types of ferromagnetic 
layers, wherein the angle between the easy axis directions of 
said two types of ferromagnetic layers is 75 to 90 (degree). 
16. The. . . 
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HIGH SENSITIVITY MAGNETIC BUILT-IN CURRENT SENSOR 
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Detailed Description 

Claims 

Detailed Description 
hysteresis . 

The current sensing device may have a free magnetic layer which has an 
easy axis oriented at an angle between 70 1 and I 10 f , preferably to 
be substantially perpendicular to a field being measured. . . 

...easy axis, wherein the magnetisation direction of the pinned magnetic 
layer is oriented at an angle , with the easy axis of the free 
magnetic layer, preferably between 0' and 180' , more preferred between 
450 and. . . 

...feature is that the sensor element has a free magnetic layer which has 
an easy axis oriented at an angle , preferably between 70 1 and I 10', 
more preferred substantially perpendicular to the field being measured. . . 

Claim 

signal. This enabled, in principle, MRAMs for general applications. A 
decade after its discovery the GMR effect is already applied in 
commercial products like HDD read heads and magnetic sensors. 
A breakthrough in the field of magnetic tunnel junctions around 1995 
l...axis. However it is not excluded that the measured current Ix is 
oriented at an angle with the easy axis ; even though, in most cases 
the parallel arrangement is the optimum choice. Furthermore, to suppress 
...easy axis, wherein the magnetisation direction of the pinned magnetic 
layer is oriented at an angle , with the easy axis of the free 
magnetic layer, preferably between 45' and 135', more preferred 
substantially perpendicular to... 
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Detailed Description 

50%. The TMR sensor is a promising candidate for the future 
high-density magnetic read- heads in hard disk drives . Depending 
on the type and construction, an MR sensor is more sensitive in one 
direction and less sensitive in another direction in the... 

...signal. This enabled, in principle, MRAMs for general applications. A 
decade after its discovery the GMR effect is already applied in 
commercial products like HDD read heads and magnetic sensors. 

A breakthrough in the field of magnetic tunnel junctions around 1995 
1 . . . 

Claim 

claim, the sensing element comprising a pinned magnetic layer having a 
magnetization oriented at an angle to the easy axis of the free 
magnetic layer. H. The sensor of claim 10, wherein the angle is... 
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...SPECIFICATION layer magnetization vectors are at the same angle (e.g., 
(theta) 0) )= (theta) 1) ) =+20 degrees ) relative to x- axis . The pinned 
layer magnetization vector M0 is fixed at an angle; the sense layer 
magnetization vector (Ml) could be substantially parallel or anti - 
parallel with the pinned layer magnetization vector (M0) as shown in 
Figure 6b. The FM coupling field and the AF. . . 

...field is pushing the sense layer magnetization vector (Ml) further away 
from the horizontal x- axis ; thus the torque angle is larger for 
greater magnitude -Hy, and the sense layer magnetization vector (Ml) is 
more . . . 

...SPECIFICATION layer magnetization vectors are at the same angle (e.g., 
(theta) 0) )= (theta) 1) ) =+20 degrees ) relative to x- axis . The pinned 
layer magnetization vector M0 is fixed at an angle; the sense layer 
magnetization vector (Ml) could be substantially parallel or anti - 
parallel with the pinned layer magnetization vector (M0) as shown in 
Figure 6b. The FM coupling field and the AF. . . 

...field is pushing the sense layer magnetization vector (Ml) further away 
from the horizontal x- axis ; thus the torque angle is larger for 
greater magnitude -Hy, and the sense layer magnetization vector (Ml) is 



more . 
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...SPECIFICATION and free MR layer, the Co interface layer, the Cu spacer 
layer and the Ru layer if the pinned layer is an AP - pinned 
layer . The free MR layer material is deposited using the same target 
as for the ferromagnetic layers of the pinned... 

.sensors. For the computer controlled ion beam sputtering system 
described above, the X-axis, Y- axis , Z- axis , rotational angle (phi) 
and the swing angle (THETA) settings may be used for each material 
deposition are... 

...SPECIFICATION and free MR layer, the Co interface layer, the Cu spacer 
layer and the Ru layer if the pinned layer is an AP - pinned 
layer . The free MR layer material is deposited using the same target 
as for the ferromagnetic layers of the pinned. . . 



ensors. For the computer controlled ion beam sputtering system 



described above, the X-axis, Y- axis , Z- axis , rotational angle (phi) 
and the swing angle (THETA) settings may be used for each material 
deposition are. . . 
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..SPECIFICATION a first MTJ stack 1002 formed in the central region 662 
having a laminated antiparallel ( AP ) pinned layer 1013. The 
laminated AP - pinned layer 1013 comprises a first ferromagnetic 
sublayer ( FM1 ) 1018 of Ni-Fe having a thickness in... 

..of the MTJ sensor 1000 of the alternative embodiment of the invention 
using the laminated AP - pinned layer 1013 is that the initialization 
process needed to fix the magnetization directions of the pinned... 



« 



...CLAIMS as claimed in any one of claim 1 to claim 9, wherein: 

said ferromagnetic pinned layer (1013) is a laminated antiparallel ( 
AP ) pinned layer , said AP - pinned layer comprising a first 
ferromagnetic sublayer (FM1) (1018), a second ferromagnetic sublayer 
(FM2) (1014) and an. . . 

...CLAIMS Magnetischer Tunnelbarrieresensor (MTJ) (1000) nach einem der 
Anspruche 1 bis 9, worin: 
die f erromagnetische Pinned- Layer -Schicht (1013) eine laminierte 
antiparallele ( AP ) Pinned - Layer -Schicht ist, wobei die AP - 
Pinned - Layer -Schicht eine erste f erromagnetische Unterschicht 
(FM1) (1018), eine zweite f erromagnetische Unterschicht (FM2) (1014) 
und eine . . . 
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...SPECIFICATION scheme. While in the foregoing schemes the magnetic moment 
is rotated relative to the easy axis , in a canted current or "barber 
pole" biasing scheme/ slanted conductor sensors force current to flow 
obliquely to . . . 
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Detailed Description 

Claims 

English Abstract 

...having magnetic layers with improved corrosion resistive properties. 
The SV and MTJ sensors include antiparallel ( AP ) - pinned layers 
formed of Co-Fe-X, where X is niobium (Nb) , hafnium (Hf) or a mixture... 

Detailed Description 

The AP-pinned valve sensor differs from the simple spin valve 
sensor in that an AP - pinned structure has multiple thin film layers 
instead of a single pinned layer . The AP - pinned structure has an 



antiparallel coupling (APC) layer sandwiched between first and second 
ferromagnetic pinned layers... a second 

direction that is antiparallel to the direction of the magnetization of 
the first pinned layer . 

The AP - pinned structure is preferred over the single pinned layer 
because the magnetizations of the first and second pinned layers of 

the , . . . 

AP -inned structure subtractively combine to provide a net magnetization 
that is less than the magnetization . . .pinning magnetization, this 
increases exchange coupling between the first 

pinned layer and the antif erromagnetic pinning layer . The AP - pinned 

valve sensor is described in commonly assigned U.S. Patent No. 5,465,185 
. . .present invention, there 

are disclosed several embodiments of GMR and MTJ sensors including an 
antiparallel ( AP ) - pinned layer structure and a laminated free 
layer 

structure. The AP - pinned layer comprises a first ferromagnetic 
(FM1) 

layer, a second ferromagnetic layer (FM2) layer and an antiparallel ... at 
which the desired exchange 

properties are achieved, typically loo-500 A. A laminated antiparallel 
( AP )- pinned layer 612 is formed on the AFM layer 610. The AP - 
pinned layer 

612 comprises a first ferromagnetic layer (FMI) 614, a second 
ferromagnetic layer (FM2) 618 and... 622 

including a first sublayer 624 and a second sublayer 626 is separated 

from . ^ 

the AP - pinned layer 612 by a nonmagnetic electrically conducting 

spacer • c * 

layer 620. The magnetization of the free layer ... thickness of about i5o A 
is deposited on the third sublayer 607 of the seed layer 609. 

The AP - pinned layer 612, the spacer layer 620, the laminated free 
layer 622 and the laminated cap 'layer 628 .are sequentially deposited... 
cooled while 

still in the magnetic field to set the exchange coupling of the AFM 
layer 610 with the laminated AP - pinned layer 612 transverse to the 
ABS . The FMI 

layer 614 has a surface which interfaces with... which the 
desired exchange properties are achieved, typically 100-500 A. A 
laminated first antiparallel ( AP ) - pinned layer 712 is formed on the 
AFM 

layer 710. The first AP - pinned layer 712 ...724, a second 
sublayer 726 and a third sublayer 728 is separated from the first 

AP - pinned layer 712 by a nonmagnetic electrically conducting first 
spacer layer 720. The magnetization ...of the laminated first, second 

third sublayers 724, 726 and 728. A laminated second AP - pinned layer 
731 

is is separated from the laminated free layer 722 by a second spacer 

73(Tforined on the third sublayer 728. The second AP - pinned layer 

comprises a third ferromagnetic layer (FM3) 732, a fourth ferromagnetic 
layer (FM4) 736 and. . .Co-Fe-X having a thickness of about 
2o A is deposited on the APC layer 716. 

The first AP - pinned layer 712, the first spacer layer 720, the 



» 



laminated free layer 722, the second spacer layer 730, the second 
AP - pinned layer 7 31, the AFM2 layer 738 and the cap layer 7 40 are 

sequentially deposited on the AFM1 layer 710 in ...of the AFM1 and 

AFM2 layers 710 and 738 with the laminated first and second AP - pinned 
layers 712 and 738 transverse to the ABS. The FM1 layer 714 has a 

surface 

which... or a ceramic substance, such as 

alumina (A1203) . 

The first electrode stack 803 comprises an AP - pinned layer BIZ, an 
AFM layer 810 and a seed layer 808. The seed layer 808 is a nonmagnetic 
metal layer ... grain size 

of the subsequent layers. The AFM layer 810 is exchange coupled to the 
AP - pinned layer 812 providing an exchange field to pin the 

magnetization _ mu 

direction of the AP - pinned layer 812 perpendicular to the ABS. The 

AP - pinned layer 812 comprises a first ferromagnetic (FM1) layer 814 
adjacent to the AFM layer 810, a . . . 5ooo-ioooo A is deposited on the 
substrate 801. 

The seed layer 808, the AFM layer 810 and the AP - pinned 812 are 
sequentially deposited over the first shield 807 in the presence of a 
longitudinal. . .cooled while still in the magnetic field to set the 
exchange coupling of the AFM layer 810 with the laminated AP - pinned 

layer 812 transverse to the ABS. The FM1 
layer 814 has a surface which interfaces with ... coupling across the APC 
layer 816. 

Co-Fe-X is used to form the ferromagnetic AP - pinned layers and the 
use of Ni-Fe-Y and Co-Fe-X is used to form. . . 



Claim 

1 A magnetoresistive sensor structure comprising: 

an antiparallel ( AP ) - pinned layer comprising: 

a first ferromagnetic (FM1) layer made ^ of 

(Co-Fe) , -X, wherein x is chosen ... comprising : 

a first antiferromagnetic (AFMI) layer; 

said second SV structure comprising: 

a second antiferromagnetic (AFM2) layer ; 

an antiparallel ( AP ) - pinned layer , comprising: 

a ferromagnetic layer (FM4) adjacent to said AFM2 layer; 

a ferromagnetic (FM3) layer; 

an antiparallel coupling layer disposed... 



20/3, K/5 (Item 2 from file: 349) 

DIALOG (R) File 34 9:PCT FULLTEXT 

(c) 2006 WIPO/Univentio. All rts. reserv. 

00971472 **Image available** 

SPIN VALVE SENSOR WITH A METAL AND METAL OXIDE CAP LAYER STRUCTURE 
CAPTEUR DE VANNE DE SPIN COMPRENANT UN METAL AINSI QU'UNE STRUCTURE DE 
COUCHES D 1 ENCAPSULATION D 1 OXYDE ME TALL I QUE 

Patent Applicant /Assignee : 

INTERNATIONAL BUSINESS MACHINES CORPORATION, New Orchard Road, Armonk, NY 

10504, US, US (Residence), US (Nationality) 
IBM UNITED KINGDOM LIMITED, PO Box 41, North Harbour, Portsmouth, 

Hampshire P06 3AU, GB, GB (Residence), GB (Nationality), (Designated 

only for: MG) 

InV GILL r Haldayal Singh , 1380 Oak Creek Drive, #305, Palo Alto, CA 94304, 



us, 

Legal Representative: 

FOURNIER Kevin John (agent), IBM United Kingdom Limited, Intellectual 
Property Law, Hursley Park, Winchester, Hampshire S021 2JN, GB, 
Patent and Priority Information (Country, Number, Date) : 

p atent . WO 200301513 Al 20030103 (WO 0301513) 

Application: WO 2002GB506 20020205 (PCT/WO GB0200506) 

Priority Application: US 2001886832 20010620 
Designated States: 

(Protection type is "patent" unless otherwise stated - for applications 

Pr AE r AG°AL°AM ) AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK DM DZ 
EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR 
LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ OM PH PL PT RO RU SD SE SG SI 

SK SL TJ TM TN TR TT TZ UA UG UZ VN YU ZA ZM ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 3013 

Inventor (s) : 

GILL Hardayal Singh ... 
Main International Patent Class (v7) : G11B-005/39 
International Patent Class (v7) : G11B-005/48 ... 

. . . G11B-005/012 

Fulltext Availability: 
Detailed Description 
Claims 

Detailed Description 

spin valve sensor includes a spacer layer (S) 200 which is 
'located between an antiparallel ( AP ) pinned layer structure 202 
and a free , 
layer structure 204. The pinned layer structure 202 includes an 
antiparallel coupling (APC) layer 20G which is located between first and 
second antiparallel ( AP ) pinned layers (API) and (AP2) 208 and 210. 

first AP pinned layer 208 interfaces and is exchange coupled to an 
antiferromagnetic (AFM) pinning layer 212 which pins a magnetic moment 
214 

of the first AP pinned layer perpendicular to the ABS in a 

direction out 

of the sensor or into the sensor, as shown in Fig. 10. By a strong 
antiparallel coupling between the first and second AP pinned layers 
208 

and 210 the second AP pinned layer has a magnetic moment 2IG which 

antiparallel to the magnetic moment 214. A seed... of platinum manganese 
for the 

pinning layer 212, 15A of cobalt iron for the first AP pinned layer 

208 

8A of ruthenium for the antiparallel coupling layer 206, 20A of cobalt 
iron for the second AP pinned layer 210, 23A of copper for the 
spacer 

layer 200, 15A of cobalt iron for the reflector layer 228 and 30A of 
aluminum oxide for the cap layer 230. 



While the AP pinned layer structure 202 is preferred, it should be 
understood that a simple pinned layer structure, whether... 

Claim 

... NiFe). 

5 A magnetic read head as claimed in any preceding claim wherein 

the pinned layer structure is an antiparallel ( AP ) pinned layer 

structure 

that includes: 

ferromagnetic first and second antiparallel { AP ) pinned layers with 
the first AP pinned layer interfacing the pinning layer and the 
second AP 

pinned layer interfacing the spacer layer ; and 
an antiparallel (AP) coupling layer located between and interfacing 
the first and second AP pinned layers . 

6 A magnetic head assembly having a read head 
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Claims 
Detailed Description 

... a first MTJ stack 1002 formed in the central region 662 having a 
laminated 

antiparallel ( AP ) pinned layer 1013. The laminated AP - pinned 
layer 1013 

comprises a first ferromagnetic sublayer WMI) 1018 of Ni-Fe having a 
thickness in. . . 

...of the MTJ sensor 1000 of the alternative embodiment 

of the invention using the laminated AP - pinned layer 1013 is that 
the 

initialization process needed to fix the magnetization directions of the 
pinned. . . 

Claim 

junction (MTJ) sensor, comprising: 
a first MTJ (MTJ1) stack, said MTJI stack having: 
ferromagnetic free layer ; 

laminated antiparallel ( AP ) pinned layer , said AP 
pinned layer comprising a first-ferromagnetic sublayer ( FM1 ) , a 
second 

ferromagnetic sublayer (FM2) rand an antiparallel coupling. . .MTJ sensor 
comprising : 

a first MTJ (MTJI) stack, said MTJI stack having: 
a ferromagnetic free layer ; 

a laminated antiparallel ( AP ) pinned layer , said 
AP - pinned layer comprising a first ferromagnetic sublayer (FM1) , a 
second 
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the latch plate 180 is rotated 180 ( degree ) about a vertical axis it 
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...SPECIFICATION and free MR layer, the Co interface layer, the Cu spacer 
layer and the Ru layer if the pinned layer is an AP - pinned 
layer . The free MR layer material is deposited using the same target 
as for the ferromagnetic layers of the pinned... 

...sensors. For the computer controlled ion beam sputtering system 

described above, the X-axis, Y- axis , Z- axis , rotational angle (phi) 
and the swing angle (THETA) settings may be used for each material 
deposition are... 

...SPECIFICATION and free MR layer, the Co interface layer, the Cu spacer 
layer and the Ru layer if the pinned layer is an AP - pinned 
layer . The free MR layer material is deposited using the same target 
as for the ferromagnetic layers of the pinned. . . 

...sensors. For the computer controlled ion beam sputtering system 

described above, the X-axis, Y- axis , Z- axis , rotational angle (phi) 
and the swing angle (THETA) settings may be used for each material 
deposition are... 
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.ABSTRACT A magnetoresist ive (MR) sensor (100) for use as a read element 
in a read/write head of a magnetic storage device operates on the 
giant magne toresi stive effect produced by a spin valve . In a 
preferred embodiment, the present invention includes a pair of spin 
valves (30, 50 . . . 



SPECIFICATION The present invention relates generally to recording heads 
for magnetic storage media. More particularly, the recording head 
of the present invention incorporates magne toresi stive elements for 
sensing the magnetic fields recorded on the magnetic storage media and 
effectively rejects... 

. . .SPECIFICATION Bl 

The present invention relates generally to recording heads for 
magnetic storage media. More particularly, the recording head of the 
present invention incorporates magne toresi stive elements for sensing 
the magnetic fields recorded on the magnetic storage media and 
effectively rejects... 



...CLAIMS fixed magnetization (16) parallel to a first axis, a rotatable 

magnetization (14), and a first angle between said first axis and 
the direction of said rotatable magnetization (14) which decreases in 
the presence of a... 

...a fixed magnetization parallel to said first axis, a rotatable 

magnetization (14')/ and a second angle between said first axis 
and the direction of said rotatable magnetization (14 f ) which 
increases in the presence of a... 
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Multilayer which shows magne tor esi stive effect and magne tores i stive element 
using the same. 

Mehrsicht Film mit magne toresistiven Effekt und magnetoresitives Element. 
Film multicouche presentant un effet magneto -resistant et element 
magneto-resistant utilisant celui-ci. 

PATENT ASSIGNEE: 

HITACHI, LTD., (204141), 6, Kanda Surugadai 4-chome, Chiyoda-ku, Tokyo 
101, ( JP) , (applicant designated states: DE;FR) 
INVENTOR: 

Nakatani, Ryoichi, 22-5, Aburadai, Akikawa-shi, Tokyo 197, (JP) 
Kitada, Masahiro, 1-8-81, Sakae-cho, Hamura-machi , Nihitama-gun, Tokyo 
190-11, (JP) 

Hosoe, Yuzuru, 6-45-10, Hirayama, Hino-shi, Tokyo 191, (JP) 
LEGAL REPRESENTATIVE: 

Patentanwalte Beetz - Timpe - Siegfried Schmitt-Fumian - Mayr (100712), 
Steinsdorf strasse 10, D-80538 Munchen, (DE) 
PATENT (CC, No, Kind, Date) : EP 490327 Al 920617 (Basic) 

EP 490327 Bl 941228 
APPLICATION (CC, No, Date) : EP 91121114 911209; 
PRIORITY (CC, No, Date) : JP 90401027 901210; JP 91110128 910515 
DESIGNATED STATES: DE; FR 

INTERNATIONAL PATENT CLASS (V7): H01F-010/00; 
ABSTRACT WORD COUNT: 51 

LANGUAGE ( Publication, Procedural , Application) : English; English; English 
FULLTEXT AVAILABILITY: 

Available Text Language Update Word Count 

CLAIMS B (English) EPBBF2 723 

CLAIMS B (German) EPBBF2 636 

CLAIMS B (French) EPBBF2 774 

SPEC B (English) EPBBF2 13430 
Total word count - document A 0 
Total word count - document B 15563 
Total word count - documents A + B 15563 

...SPECIFICATION a multilayer in which ferromagnetic layers and 

nonferromagnetic layers are layered on each other, the angle between 
the hard axis direction of the multilayer film and the direction of 
detecting an outer magnetic field in... shows magnetoresistive effect and 
which is provided with excellent high-frequency property, by setting the 
angle between the easy axis direction of a ferromagnetic layer with a 
relatively high coercive force and the easy axis... 

...shows magnetoresistive effect and has excellent high-frequency property 
can be obtained, by setting the angle between the easy axis direction 



of a ferromagnetic layer with a relatively high coercive force and the 
easy axis . . . 

...layer of nonf erromagnetic layers is preferably 1.5 to 2.5 nm. By setting 
the angle between the easy axis direction of the multilayer film and 
the direction of detecting an outer magnetic field in... a layer with a 
relatively high coercive force preferably make almost right angle. If the 

angle between the easy axis directions of the two layers is then 75 
to 90 (degree), substantially the same results ... because hard axis 
direction has a higher permeability than easy axis direction. The 
difference in angle between the hard axis direction of multilayer 
film and the direction of detecting a magnetic field is preferably 10... 
higher specific magnetic permeability than the easy axis direction of the 
multilayer. The difference in angle between the hard axis direction 
of the multilayer and the direction for detecting a magnetic field is 
preferably 10 ... regeneration are formed at different places on an 
identical single substrate. 

By applying the magnetic head to a magnetic storage apparatus, a 
highly potential magnetic storage apparatus can be obtained as well. 
Example 21 

Using the magnetoresi stive element of the present invention, a 
magnetic head was prepared. The structure of the magnetic ... can be used 
as a magnetic field sensor without any bias field. By setting the angle 
between the easy axis direction of the multilayer film in the state 
where a bias field is not applied... 

...angle, a magnetoresistive element excellent in high-frequency property 
can be obtained. By setting the angle between the easy axis direction 
of the multilayer film in the state where a bias field is not applied... 

...CLAIMS 5. The magnetoresistive element as claimed in any of claims 1 to 
4, wherein the angle between the hard axis direction of the 
multilayer film and the direction for detecting an outer magnetic 
field in. . . 

...of claims 6 to 14, characterized by having two types of ferromagnetic 
layers, wherein the angle between the easy axis directions of 
said two types of ferromagnetic layers is 75 to 90 (degree). 
16. The. . . 
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Detailed Description 

Detailed Description 

to suppress noise due to thermally activated magnetization 
fluctuations . 

BACKGROUND OF THE INVENTION 

In a magnetic data storage and retrieval system, a magnetic 
recording head typically includes a read head having a 
magnetoresistive ( MR ) sensor for retrieving magnetically encoded 
information stored on a magnetic 
disc. Magnetic flux from the... 

...and 2. MR stack 60 includes pinned reference layer 62, first spacer , 
layer 64, free layer 66, second spacer layer 68, pinned synthetic J 
antiferromagnetic ( SAF ) 70, and pinning layer 72. Free layer 66 is I 
typically made of a soft ferromagnetic material (e.g., CoFe... j 

...reference layer 62 and free layer 66. Second spacer layer 68 is 
positioned between free layer 66 and pinned SAF 70. First 
spacer layer 64 is typically made of a nonmagnetic metal such as 
copper, 

Second spacer layer 68... 
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Detailed Description 

spin valve sensor includes a spacer layer (S) 200 which is 
located between an antiparallel ( AP ) pinned layer structure 202 
and a free 

layer structure 204. The pinned layer structure 202 includes an 
antiparallel coupling (APC) layer 20G which is located between first and 
second antiparallel ( AP ) pinned layers (API) and (AP2) 208 and 210. 
The 

first AP pinned layer 208 interfaces and is exchange coupled to an 
antiferromagnetic (AFM) pinning layer 212 which pins a magnetic moment 
214 

of the first AP pinned layer perpendicular to the ABS in a 

direction out 

of the sensor or into the sensor, as shown in Fig. 10. By a strong 
antiparallel coupling between the first and second AP pinned layers 
208 

and 210 the second AP pinned layer has a magnetic moment 2IG which 
is 

antiparallel to the magnetic moment 214. A seed... of platinum manganese 
for the 

pinning layer 212, ISA of cobalt iron for the first AP pinned layer 
208, 

8A of ruthenium for the antiparallel coupling layer 206, 20A of cobalt 
iron for the second AP pinned layer 210, 23A of copper for the 
spacer 

layer 200, 15A of cobalt iron for the reflector layer 228 and 30A of 
aluminum oxide for the cap layer 230. 

While the AP pinned layer structure 202 is preferred, it should be 
understood that a simple pinned layer structure, whether... 



Claim 

... NiFe) . 



4 i 



5 A magnetic read head as claimed in any preceding claim wherein 

the pinned layer structure is an antiparallel ( AP ) pinned layer 

structure 

that includes: 

ferromagnetic first and second antiparallel { AP ) pinned layers with 
the first AP pinned layer interfacing the pinning layer and the 
second AP 

pinned layer interfacing the spacer layer ; and 
an antiparallel (AP) coupling layer located between and interfacing 
the first and second AP pinned layers . 

6 A magnetic head assembly having a read head 
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... thin-, .-magnetic film is usedtin a. variety 

of diverse applicaitions , serving, for example, as a 

storage element in magnetic memories, as a soft 
adjacent biasing layer in magnetoresi stive heads and 
as a recording medium in magneto-optic memories. An 
PCr/US89/05584 

important and... 80 rotates the 
magnetization 74 1 so the angle 72 1 between the 
magnetization and the easy axis 51 is 90 degrees and 
the magnetization 741 is in the direction of the hard 
axis 7&, Under these... 
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Dual current-perpendicular- to-plane giant magne tores i stive sensor for 
detecting magnetic field signals in magnetic hard disk drives, has spin 
valve structure having dual spin valve arrangement with top and bottom spin 
self-pinned layers 
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Alerting Abstract ...comprising a magnetic storage medium having tracks 
for recording of data; and a dual CPP GMR sensor maintained in a closely 
spaced position relative to the magnetic storage medium during relative 
motion between the magnetic transducer and the magnetic storage 
medium; and a method for providing a dual CPP GMR sensor with improved 
top pinning, comprising forming a first magnetic shield of an electrically 
conductive . . . 

...dual spin valve arrangement, the dual spin valve arrangement having a 
top and bottom spin self - pinned layer and a free ferromagnetic 
layers disposed in-between; and forming a biasing layer disposed 
proximate the top self - pinned layer in a passive region for pinning 
the top self - pinned layer 
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Current-in-plane giant magne tores is tance sensor used in mass storage 
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•Fabrication of differential giant magnetoresi stive sensor for magnetic 
storage device, by forming first self -pinned giant magnetoresistive sensor, 
bias structure, and second self -pinned giant magnetoresistive sensor 
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Alerting Abstract ...spacer layer, and a second free layer, and a 
magnetic disk recording system comprising a magnetic storage medium 
having tracks for recording data; and a magnetic transducer maintained in 
a closely spaced position relative to the magnetic storage medium 
during relative motion between the magnetic transducer and magnetic 
storage medium, and including a magnetoresistive read sensor that is 
the above differential GMR sensor... 
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Magnetoresistive read head of magnetic disk drive, includes an ti -parallel 
pinned layers with one layer wider than free layer that is above pinned 
layers 
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Magnetic reproducing head of magnetic disk drive, has antiparallel pinned ^. 
layer structure and biasing layer of spin valve sensor, that apply parallel 
demagnetizing fields on ferromagnetic free layer 
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Pinned layer in guided mode resonance stack comprises cobalt-iron ternary 
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Magnetic head with air bearing surface for magnetic disk drive, has a free 
layer, and an antiparallel pinned layer structure with an tiparallel -pinned 
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